ZoBell and Johnson (1949) found that many common microorganisms from surface soil and shallow water were killed in the logarithmic phase of growth in 48 hours at 30 C by pressures of only 500 to 600 atmospheres, and multiplication of some microorganisms was inhibited at 300 atmospheres. Resting cells, endospores, and bacteria from the deep sea were found to be more pressuretolerant as were organisms pressurized at higher temperatures. The term "barophilic" was coined to describe organisms that grow preferentially or exclusively at high hydrostatic pressures. Such bacteria have been found in the deep sea and also in brines from deep oil wells. Their counterparts that grow only at relatively low pressures, say up to 200 atmospheres, are described as "barophobic." Those that tolerate high pressures but grow best at normal pressures are described as "baroduric." The present paper is concerned primarily with observations on the occurrence and behavior of barophilic, barophobic, and baroduric bacteria in the sea.
METHODS
Bacterial cultures in the logarithmic phase of growth were transplanted to nutrient broth in small test tubes, size 10 X 50 mm, each having a sand-blasted area for numbering with a pencil. The nutrient broth used for this purpose consisted of 0.5 per cent peptone, 0.5 per cent yeast extract, and 0.01 per cent ferric phosphate in aged sea water (ZoBell, 1946) . Following autoclave sterilization its reaction was pH 7.5. The medium was inoculated with enough cells to give from 100 to 1,000 per ml. The tubes were stoppered with no. 000 neoprene stoppers that, under the influence of external pressure, functioned as pistons, thereby subjecting the contents of the tubes to virtually the same pressure as that of the external hydraulic fluid. Enough air was entrapped in each tube to provide for aerobic growth.
From 20 to 24 culture tubes were placed in each pressure vessel, after which the latter was filled with water treated with Lugol's iodine to give 5 ppm of free iodine. That no iodine enters the culture tubes has been established by chemical tests, and numerous runs without iodine prove that it has no effect on the activity of cultures in the stoppered tubes. Repeated tests have demonstrated that the cultures never become contaminated by being pressurized even when the water in the pressure vessel has a rich microflora. The iodine treatment is to minimize contamination when the tubes are opened after being removed from the pressure vessel.
Pressure vessels ( figure 1) atmospheres. These properties as well as normal morphological appearance were restored when the pressurized cultures were incubated at room pressure and temperature for a few hours. Most of the bacteria studied by Chlopin and Tammann (1903) allegedly lost their motility at around 3,000 atmospheres. The motility of Amoeba dubia and Amoeba proteus was stopped by pressures of 250 atmospheres, according to Marsland and Brown (1936) . Ebbecke (1935) noted a loss of motility in paramecia when they were compressed to 600 atmospheres, the effects of pressure being immediately and completely reversible if pressure was released within a short time.
Neither the morphology nor the motility nor the viability of bacterial cells seems to be affected immediately by pressure, thereby suggesting that compression exerts itself not directly through physical force in the sense of something's being crushed but rather indirectly by affecting the physicochemical equilibria of the system. Both time and temperature influence the results. The examination of cells of S. marinorubra in wet preparations by phase contrast microscope immediately after they were removed from the pressure vessels revealed that in nutrient broth they appeared normal in size and motility for 6 to 8 hours at a pressure of 400 A study of growth curve data (figure 4) shows that the multiplication of S. marinorubra in nutrient broth was retarded by a pressure of only 50 atmos- Serratia marinorubra 10 C 2,000,000 5,000 5,000 3,000 25 C 40,000,000 40,000,000 10,000,000 1,000,000 Micrococcus aquivivus 10 C 20,000,000 2,000 1,000 30 25 C 30,000,000 20,000,000 3,000,000 1,000 Pseudomonas obscura 10 C 10,000,000 Johnson (1947) and his co-workers (1946, 1948) on the rational interpretation of biological reaction rates indicate that hydrostatic pressure exerts itself through its effect on volume changes. Significantly Johnson and Eyring (1948) point out that the mechanism responsible for the effect of pressure of the order of 500 atmospheres is probably quite different from the effect of pressure of the order of 10,000 atmospheres, which has been known for several years to denature proteins, kill microorganisms, inactivate enzymes, alter antibodies, etc., at room temperature (Cattell, 1936; Bridgman, 1946 Although most of the bacteria in marine mud samples were sterilized by 1,600 atmospheres at 40 C in 4 days, two Micrococcus species and, one Bacillus species survived these conditions.
The ability of bacteria to become acclimatized to various pressures has received attention without conclusive results to date, although we have obtained some evidence that hydrostatic pressure induces genetic changes. According to McElroy and de la Haba (1949) , pressures of the order of 150 to 600 atmospheres increased the number of biochemical mutants in cultures of Neurospora crassa treated with nitrogen mustard but depressed the number of morphological mutants obtained from such cultures in direct proportion to the pressure applied.
The rate of pressurizing and decompressing bacterial cultures is inconsequential except when dealing with compressed gases. Though related, the problem of the effects of compressed gases on microorganisms differs in many respects from that of the effects of hydrostatic pressure.
